Background: Pregnancy is associated with weight gain. Moreover, overweight and obese women subsequently have difficulties
Introduction
The epidemic of obesity has already had major health consequences worldwide. Comorbidities of overweight and obesity have been clearly shown in mid-and late life when cardiovascular disease, cancer, and diabetes typically emerge. Moreover, increasing rates of cardiovascular disease are currently being documented in early adulthood, and type 2 diabetes can now be observed in children. Both of these phenomena may be partly explained by obesity in younger populations (1) .
Thus, it is increasingly recognized that obesity has implications across the life span. One health effect of obesity that has received relatively less attention is its impact on the motherÕs ability to initiate and sustain breastfeeding (2, 3) . This could have immediate health consequences for the mother herself, whose body weight renormalization process may be compromised if lactation is not successful (4) , which may further lead to longterm health consequences. Recent results from the Norwegian Nord-Trondelag Health Study (HUNT) study showed significant inverse associations between lifetime duration of lactation and BMI, waist circumference, blood pressure, serum lipids, and cardiovascular mortality (5, 6) . There are also possible adverse effects on the childÕs health of shorter breastfeeding including, among others, increased risk of the child developing diabetes (7, 8) and obesity (9) (10) (11) .
Previous reviews of human studies showed associations between obesity and reduced ability to initiate breastfeeding (2, 12, 13) . Less is known about whether obesity can also impair sustained lactation during the rapid growth of the child. Given the large fraction of women who do not fulfill WHO recommendations of 6 mo exclusive breastfeeding, it is of interest to understand whether maternal weight status may contribute to this association. In addition, it is not understood whether the effect of obesity on lactation performance may be modified by other medical conditions before, during, and after pregnancy (2) .
Recommendations for maternal weight gain during pregnancy differ for different categories of BMI, with lower weight gain recommended for women who are overweight and obese (14) . Still, the role of gestational weight gain (GWG) 8 in breastfeeding initiation and maintenance is not clear (2, 3, 15, 16) . The purpose of this study is to address these questions in a sufficiently large, population-based cohort of women followed from pregnancy to postpartum periods. Specifically, we aimed to examine the interrelations between maternal prepregnancy BMI and GWG on breastfeeding initiation and duration, in the context of other medical and sociodemographic characteristics.
Methods
Study cohort and study design. The women included in the present analyses are part of the Norwegian Mother and Child Cohort Study (MoBa), a prospective, population-based pregnancy cohort study initiated and conducted by the Norwegian Institute of Public Health (17, 18) . The MoBa study was planned to broadly evaluate associations between exposures and diseases for the sake of future prevention; hence, data are collected on multiple exposures and multiple health outcomes.
Between 1999 and 2008, women from throughout Norway were invited to take part in the study by postal invitation at the time of the routine ultrasound examination that is offered to all pregnant women in the country (17) . In total, 40.6% of the invited women consented to participate, and the cohort today includes 114,500 children born to 95,200 mothers. Thus, many women participated in MoBa with >1 child. The cohort also includes 75,200 fathers.
The sample selected for the present analyses has previously been described in detail (4) . Briefly, all 67,023 women in the MoBa cohort who had delivered a singleton live-birth infant and who had information available in the Medical Birth Registry of Norway (MBRN) (19) as well as from the MoBa questionnaires 1 and 4 were included ( Figure 1 ; see further details below). Thereafter, women who had not answered the specific questions about body weight, height, or breastfeeding or who had invalid data on GWG, infant birth weight <600 g, or pregnancy duration <30 wk were excluded. Among women who had participated with >1 pregnancy, only their first pregnancies were included. The final sample available for analyses at 4 and 6 mo postpartum included 49,669 women. The 17,348 pregnancies excluded in the second step and the 49,669 women included in the analyses were compared on background characteristics. Most differences were significant, which is probably a reflection of large sample sizes. Important differences included a higher proportion of primipara women and a higher proportion of cohabitating rather than married women in the included study sample. These differences are likely explained by the exclusion of second pregnancies in the same participants. Only negligible differences between the samples were found with respect to maternal age, education, smoking during pregnancy, physical exercise before and after pregnancy, and household income.
All participating women provided informed consent at recruitment. The study was approved by the Regional Committee for Medical Research Ethics in southeastern Norway. The current analyses used version 5 of the quality-assured data files released for research in 2010 by the Norwegian Institute of Public Health.
Measurements. Three self-administered questionnaires were sent out during pregnancy (questionnaire 1 in weeks 13-17, questionnaire 2 in weeks 17-22, and questionnaire 3 in week 30) and a fourth questionnaire (questionnaire 4) was sent at 6 mo postpartum. In this study we used information from questionnaires 1 and 4. Questionnaire 1 contained questions about prepregnancy weight, medical history, medications, occupation, income, and lifestyle habits. Questionnaire 4 included questions about maternal and infant health and maternal lifestyle. English translations of the questionnaires can be found on the MoBa website (20) . Pregnancy and birth records from the MBRN are linked with the MoBa database.
The outcome measures in this study were ability to initiate and sustain breastfeeding, which originate from questionnaire 4 administered at 6 mo postpartum. The 3 questionnaire items used in this analysis described infant feeding during the first week after birth; the kinds of liquids that the infant received at months 0, 1, 2, 3, 4, 5, and 6; and in which month the mother started giving complementary food to the child.
In the analyses presented here, ''not initiating breastfeeding'' is defined as no breastfeeding at all. Among those who initiated breastfeeding, the ability to sustain full or any breastfeeding for 4 and 6 mo postpartum was evaluated. Because the WHO recommends exclusive breastfeeding until 6 mo postpartum (21) , analyses of MoBa data on full breastfeeding for 6 mo postpartum were considered relevant. However, only 13.7% of MoBa mothers who initiated breastfeeding reported full breastfeeding for 6 mo postpartum, compared with 59.1% who exhibited full breastfeeding for 4 mo postpartum. Hence, results at 4 mo postpartum may yield additional information and are also presented.
We use the definition of full breastfeeding as described by WHO (22) , which precludes any use of infant formula, other milk, or solid food. We were unable to define exclusive breastfeeding, because beyond the first week of life, not all versions of the questionnaire included questions on use of water, water-based drinks, and fruit juice (23) . Any breastfeeding at all is defined as breastfeeding in combination with infant formula, other milk, and/or solid food.
The exposure variables included prepregnancy BMI and GWG. Prepregnant weight and height were self-reported in weeks 13-17 (questionnaire 1). BMI was expressed as weight/height square (kg/m 2 ) and was classified into underweight (<18.5), normal weight (18.5-24.9), overweight (25.0-29.9), and obese grades I (30.0-34.9), II (35.0 -39.9), and III ($40.0) according to WHO classifications (24) . Furthermore, GWG was calculated as the difference between weight at delivery reported at 6 mo postpartum (questionnaire 4) and prepregnant weight reported in questionnaire 1. Finally, the combined effects of both these exposures on breastfeeding success were evaluated by the construction of a composite variable. Within each BMI category, women were divided into those who experienced a GWG within, below, or above that recommended by the US Institute of Medicine (IoM), respectively (14) . Here, for women with a prepregnancy BMI <18.5, the recommended GWG is 12.5-18.0 kg; for a BMI of 18.5-24.0 the recommended GWG is 11.5-16.0 kg; for a BMI of 25.0-29.9 the recommended GWG is 7.0-11.5 kg, and for a BMI $30.0 the recommended GWG is 5.0-9.0 kg.
Additional variables were included as covariates. Maternal age at delivery was used as a continuous variable except for descriptive statistics. Maternal education was categorized into <12, 12, 13-16, and $17 y. Household income was expressed as the combination of the womanÕs and her partnerÕs income and classified into both incomes <300,000 Norwegian crowns (NOK), one income $300,000 NOK, or both incomes $300,000 NOK. Marital status was classified as married, cohabitating, single, or widow. Smoking before pregnancy was defined as none, occasional, and daily. Smoking during early pregnancy was defined as none, occasional, and daily and refers to behavior in the first trimester. Exercise at different time points in relation to pregnancy was based on questions on 13 types of recreational exercise and categorized into no exercise, less than weekly, 1-2 times/wk, or $3 times/wk. Information from the MBRN was used to identify medical conditions including asthma, diabetes, hypertension before and/or during pregnancy, preeclampsia during pregnancy, and cesarean delivery as well as infant Apgar score at 1 and 5 min. The preeclampsia diagnosis of MBRN was recently validated and found to be of high quality (25) .
Statistical analyses. Differences between included and excluded women were tested with StudentÕs t test and chi-square tests. Chisquare tests were used to evaluate relations between the ability to initiate and sustain breastfeeding and categorical background variables. Univariate and multivariable logistic regression analyses were performed to study the associations between prepregnancy BMI and GWG, and ability to initiate and sustain breastfeeding. To adjust for potential confounding, maternal education, household income, maternal age, parity, smoking, cesarean delivery, and diabetes were included in multivariable regression analyses. The selection of potential confounding variables was based on previous work in evaluating the relation between breastfeeding and maternal weight (4) .
Significant interactions between prepregnancy BMI and GWG, in their effects on sustaining full and any breastfeeding for 4 mo postpartum, were found (P-interaction < 0.001). A suggestive interaction was observed for failure to initiate breastfeeding (P-interaction = 0.07). Therefore, the combined effects of both of these exposures on breastfeeding success were evaluated by the construction of a composite variable (see above). The category comprising normal-weight women (BMI of 18.5-24.9) and GWG according to the IoM recommendation (11.5 -16.0 kg) was used as the reference category.
Modifying effects of medical conditions before, during, and after pregnancy on the effect of maternal obesity on lactation performance were evaluated in multivariable regression analyses. Conditions evaluated included asthma, diabetes, rheumatism, hypertension before and/or during pregnancy, preeclampsia during pregnancy, and cesarean delivery as well as infant Apgar score at 1 and 5 min. Lactation performance was evaluated as the ability to initiate as well as to sustain full and any breastfeeding for 4 and 6 mo postpartum.
The significance level was set at 0.05. All analyses were performed in SPSS, version 22.0 (IBM).
Results
Background characteristics of the included women, in relation to their ability to initiate breastfeeding as well as to sustain full or any breastfeeding for 4 and 6 mo postpartum, are shown in Table 1 . Partly due to the large sample size, the breastfeeding outcomes differed significantly in relation to almost all background characteristics evaluated. An important result was the lower proportion of women who initiated breastfeeding among those who had a prepregnancy BMI $35.0. Lower proportions of full or any breastfeeding for 4 and 6 mo postpartum were associated with low maternal age, low maternal education, low household income, being single or widow, high prepregnancy BMI, high pregnancy weight gain, smoking daily during early pregnancy, and no exercise before, during, or after pregnancy.
The womenÕs ability to initiate breastfeeding as well as to sustain full or any breastfeeding for 4 and 6 mo postpartum differed significantly in relation to categories based on the combination of prepregnancy BMI and GWG (Tables 2-4) . In multivariable analyses, adjusting for maternal age, parity, education, smoking, household income, and maternal experiences of diabetes or cesarean delivery, significantly higher risks of unsuccessful initiation of breastfeeding were seen among most GWG categories of prepregnant underweight women and all GWG categories of overweight and obese women, compared with normal-weight women who gained within the IoM guidelines (Table 2) . Among the obese women, the highest risks were found among those with a prepregnancy BMI >40 (data not shown). Furthermore, in multivariate analyses, risks of unsuccessful initiation were even higher with GWG below recommendations. The same patterns were also seen among all categories of prepregnant overweight and obese women with respect to risks of inability to sustain full or any breastfeeding for 4 and 6 mo postpartum among those who initiated breastfeeding (Tables 3  and 4 ). The only exception to the pattern was that, for full breastfeeding, the risk increases with GWG below recommendations were no longer significant among underweight and normal-weight women. In addition, for 4 and 6 mo postpartum, women who were obese prepregnancy had the highest risk of inability to sustain full or any breastfeeding if they had also experienced GWG above recommendations.
Modifying effects of medical conditions before and during pregnancy were shown on the effect of maternal obesity on ability to sustain breastfeeding at 4 mo postpartum. Significant interactions included infant Apgar score at 1 and 5 min on the ability to sustain full breastfeeding for 4 mo postpartum (Pinteraction = 0.02 for both) and asthma on the ability to sustain any breastfeeding for 4 mo postpartum (P-interaction = 0.03). The associations between maternal prepregnant BMI categories on lactation outcomes at 4 mo postpartum, stratified by these medical conditions, are shown in Supplemental Tables 1 and 2. The degree of prepregnant obesity was a stronger risk factor for inability to sustain full breastfeeding for 4 mo postpartum among mothers of infants with a normal Apgar score at 1 and 5 min than among mothers of infants with low Apgar score at 1 and 5 min. Furthermore, the degree of prepregnant obesity was a stronger risk factor for inability to sustain any breastfeeding for 4 mo postpartum among women without asthma than among women with asthma. No such modification was found with respect to ability to initiate or to sustain breastfeeding for 6 mo postpartum.
Discussion
In this large, population-based cohort study we were able to evaluate the combined effects of maternal prepregnancy BMI and GWG on the motherÕs later ability to initiate and sustain breastfeeding, taking known medical and sociodemographic confounders into account. Significantly higher risks of unsuccessful initiation of breastfeeding were seen among most GWG categories of prepregnant underweight women and all GWG categories of prepregnant overweight and obese women. Risks of unsuccessful initiation were even higher with higher grades of prepregnant obesity as well as with GWG below recommendations. The same patterns were also seen among all categories of prepregnant overweight and obese women with respect to risks of inability to sustain full or any breastfeeding for 4 and 6 mo postpartum. However, prepregnant obese women had the highest risk of inability to sustain full or any breastfeeding if they had also experienced GWG above recommendations. These results show the importance of preventing overweight in women of reproductive age and supporting them to gain weight within recommendations during pregnancy, so that they may achieve recommended breastfeeding patterns. Shorter breastfeeding duration will have long-term consequences for the womanÕs body weight and metabolic health (5, 6, 26) as well as for the health of her offspring (7) (8) (9) (10) (11) . It is thus important to break this vicious circle. Furthermore, the degree of prepregnant obesity was a stronger risk factor for inability to sustain full breastfeeding for 4 mo postpartum among mothers of infants with a normal Apgar score at 1 and 5 min than among mothers of infants with a low Apgar score at 1 and 5 min. In addition, the degree of prepregnant obesity was a stronger risk factor for inability to sustain any breastfeeding for 4 mo postpartum among women without asthma than among women with asthma. Perhaps the associations between prepregnant obesity and breastfeeding ability become more prominent in the absence of other medical complications, or they may simply be chance findings. Overall, these interactions with medical conditions further highlight the complexity of the associations studied and may help explain earlier contradictory findings.
A main strength of this study is the large sample size of MoBa, which allows for evaluations of complex interactions (i.e., the combined effects of prepregnancy BMI and GWG as well as of prepregnancy BMI and medical conditions on breastfeeding initiation and sustenance). Few earlier studies have been able to evaluate these interactions with sufficient power. Another strength of the study is its population-based sampling, meaning that the study sample represents most childbearing women in Norway. Potential bias due to selfselection in MoBa has been evaluated by using data from the population-based MBRN (18) . Differences in prevalence estimates were found between women participating in MoBa and all pregnant women, indicating that nonparticipating women were younger, had less education, more often lived alone, more often smoked, and more often were overweight or obese. However, no significant differences were found in assessments of 8 associations between prenatal or pregnancy exposures and reproductive outcomes. Thus, the associations found in our study are likely to represent those of most childbearing women in Norway and in similar contexts. Wojcicki (2) evaluated associations between maternal prepregnancy BMI and ability to initiate and sustain breastfeeding. Among the 13 articles found in PubMed, 9 presented significant negative effects of maternal prepregnant overweight and obesity on ability to initiate breastfeeding. These results support our findings that higher prepregnancy BMI classes constitute a risk of unsuccessful initiation of breastfeeding. Possible mechanisms include difficulties in putting the infant to the breast, lower production of prolactin in response to suckling in the first week postpartum, delayed lactogenesis stage II, and psychosocial factors (16) .
Only a few of these studies were able to model interactions between prepregnancy BMI and GWG on ability to initiate breastfeeding. Li et al. (15) evaluated data on 51,329 low-income women in the US Pediatric Nutrition Surveillance System and the Pregnancy Nutrition Surveillance System. Significantly higher risks of unsuccessful initiation of breastfeeding were found among women who were underweight before pregnancy and with GWG below the IoM recommendations, which corresponds to our findings. However, in contrast to our findings, Li et al. did not find any significantly higher risks among women who were underweight before pregnancy and with GWG higher than the IoM recommendations. Also similar to our findings, Li et al. reported significantly higher risks of unsuccessful initiation of breastfeeding among women with prepregnancy overweight or obesity and all categories of GWG. However, the ORs for the American women were in the ranges of 1.10 to 1.25, whereas our ORs for the Norwegian women were in the range of 2.22 to 3.89. Perhaps the different effect sizes reflect the more recent data in the Norwegian sample (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) than in the American sample (1996) , where additional metabolic and/or social changes related to the evolving obesogenic environments have developed, or the population-based sample of Norwegian mothers compared with the more homogeneous sample of low-income American women.
Hilson et al. (16) evaluated information on 2783 American women who gave birth between 1988 and 1997, and who all initiated breastfeeding. In analyses of women who were unable to sustain breastfeeding for 4 d, significantly higher odds of failure were found among women with a normal BMI (OR: 1.66; 95% CI: 1.05, 2.63) or obesity (OR: 2.89; 95% CI: 1.78, 4.69) before pregnancy and with GWG above the IoM recommendations. Similar to our results, tendencies of higher risks also were found for underweight, overweight, and obese women with GWG below or above the IoM recommendations.
Wojcicki (2) in her review showed that 10 of the 13 studies reviewed found an association between higher prepregnancy BMI and risks of inability to sustain breastfeeding. Again, only a few of these studies were able to model interactions between prepregnancy BMI and GWG on the ability to sustain breastfeeding, although independent effects of GWG in relation to the IoM recommendations on breastfeeding duration have been shown (15, 16, 30) . Li et al. (15) in their evaluation of lowincome US women (see above) did not find any significant interaction between maternal prepregnancy BMI and GWG on breastfeeding maintenance. This may reflect the smaller sample size for these analyses (n = 13,234) as well as the short duration of breastfeeding (6 wk). Similarly, Hilson et al. (16) in their evaluation of 2783 American women who initiated breastfeeding found no significant interactions between prepregnancy BMI and GWG on duration of exclusive or any breastfeeding, also likely because of the small sample size. Furthermore, Baker et al. (31) evaluated associations between prepregnancy BMI, GWG, and breastfeeding among 37,459 women giving birth between 1999 and 2002 within the Danish National Birth Cohort. Here, GWG was not expressed in relation to the IoM recommendations but as <8, 8-15.9 , and $16 kg. The authors did not find any significant interaction between maternal prepregnancy BMI and GWG in their effects on the ability to sustain full or any breastfeeding. This may reflect that GWG was modeled as 3 absolute weight categories. It may be that GWG is relevant only when expressed in relation to prepregnancy BMI, as is the case when the IoM recommendations are used as the basis for the categorization. Finally, Bartok et al. (3) recently evaluated the combined effects of prepregnancy BMI and GWG on ability to sustain breastfeeding among 718 American mothers randomly assigned to receiving standard medical care after delivery or a single home nurse visit. Here, overweight and obese women with GWG above recommendations breastfed for a shorter duration than did women with a normal BMI and GWG according to recommendations. In addition, obese women with GWG above recommendations had a shorter breastfeeding duration than did normal-weight women with GWG above recommendations. However, in this small study, these associations all disappeared in multivariate models controlling for known confounders.
Few previous studies have been able to evaluate the effects of maternal medical conditions and obesity on ability to breastfeed. An American national cohort study by Kitsantas and Pawloski (32) found that maternal prepregnant overweight or obesity only constituted a risk factor for unsuccessful initiation of breastfeeding if the mother also had a medical condition or labor/delivery complications. Women with medical conditions or labor/ delivery complications also were at higher risk of inability to sustain breastfeeding. Our findings that women with more positive health conditions were at higher risk are difficult to interpret and may be chance findings. They could also indicate the complex relations between maternal nutrition and health and breastfeeding ability.
In conclusion, our results show that maternal prepregnant overweight or obesity are important risk factors for inability to initiate or sustain breastfeeding; the risks increase with degree of obesity. In addition, maternal prepregnant underweight is a risk factor. In addition, experiencing GWG above or below recommendations further adds to the risk. These findings are important in the public health efforts to ensure women and their offspring optimal long-term health.
